SUMMARY.-The effect of varying the numbers (4,5,10,20 and The optimal dose phenomenon in carcinogenesis is discussed.
The optimal dose phenomenon in carcinogenesis is discussed.
THE incidence of squamous celled carcinomas of the skin in men is about twice that in women (Haenszel, 1963; Miyaji, 1963) . While the greater exposure of men to environrnental factors favouring tumour development such as sunlight, occupational exposure to chemicals, injuries, may account for most of this difference, the endocrine-related biology of the skin in males and females may play a role in the sensitivity or responsiveness to extemal carcinogenic agents. Epithelial tumours in men (Rook and Champion, 1963; Foot, 1951) Berenblum (1954) states that sex plays no significant role in skin carcinogenesis in most strains of mice, though in some strains males are somewhat more responsive than females. Most skin tumours in mice are papillomas and for the same carcinogenic treatment and dosage a greater incidence in males than females has been reported (Bates, 1968; Shubik, Della Porta and Spencer, 1959) . Castration of males (Zackheim, 1970) reduces and that of females increases the yield oftumours (Bates, 1968) . Induction of dermal sarcomas in male mice is obtained with lower doses of carcinogens than in females (Leiter and Shear, 1943) , is faster in males (Homburger, Treger and Baker, 1963) and occurs in more males than females (Bischoff, 1957) . These Cramer and Stowell, 1943; Terracini, Shubik and Della Porta, 1960; Glucksmann, 1963; Tannenbaum, Vesselinovitch and Silverstone, 1964 . Exceptionally a figure of 100% has been reported by Poel (1963) using 19-0 to 470 Itg. of benzopyrene in toluene three times a week for the life time of the animals. Fewer chemicals prove carcinogenic for the skin of rats than for that of mice, but with DMBA the incidence of carcinomas in rats is around 80% (Glucksmann, 1963; Zackheim, 1964) with weekly applications. While basal celled tumours are rare in mice, they occur quite frequently in rats (Bielschowsky, 1946; Lennox, 1955; Howell, 1962) and thus the tumour types of the rat sk' resemble those of man more closely than do those in mice. At certain dose levels twice as many tumours are induced in rat salivarv glands of males than in those of females and in males administration of oestrogens halves, while that of testosterone to females doubles the yield of neoplasms (Glucksmann and Cherry, 1971 (Cramer and Stowell, 1943) or (3) of various concentrations of the chemical over the life time of animals (Poel, 1963) ; (4) single (Mottram, 1944; Berenblum and Shubik, 1947) (Berenblum, 1941; Shubik and Ritchie, 1953; Ritchie and Shinozuka, 1967; Vesselinovitch and Gilman, 1957) . Even single paintings with methylcholanthrene (Mider and Morton, 1939) or DMBA (Law, 1941) induce tumours in very sensitive mice. The original claim that croto"n oil has no effect if applied before the carcinogen is not supported by recent experiments (Pound and Bell, 1962; Tannenbaum, Vesselinovitch and Silverstoirie, 1964) (Glucksmann and Cherry, 1970a, b For the age-specific induction rates the percentage of tumour-bearing rats amongst those at risk for consecutive 100-day periods was plotted at the 50-day interval.
The survival data in Table I gives the age in days at death of the first and last animals in each group with median age; the duration of the experimental periods can be calculated by deducting 60 days from these figures. Incidence of skin tumours outside the pa'inted area, of breast tumour8and of leukaemia Contro18.-Intact and castrate male and female rats of our colony have survived for periods ranging from 260 to 906 days (Table 1) . Spontaneous skin tumours do not occur in any of the four groups and breast tumours do not develop in the males or in the spayed females. In the intact females their incidence is 8% (Table 11) and they have been found in rats surviving for at least 590 days. The type of leukaemia in controls has been described previously (Glucksmann and Cherry, 1968) . Theincidencevariesfromll%to29%andthediseaseismanifestclinically between 321 and 770 days of age. Skin tumours.-Solitary tumours appeared on the skin outside the painted interscapular region in nine of the 374 experimental animals and only in those given ten or fewer applications of DMBA (Table 11) . Six rats had squamous celled carcinomas of which five arose on the face and one (CT x 5 DMBA) on the hind leg. In three animals given five applications of DMBA benign neoplasms occurred on the ear; a squamous papilloma in a castrate male, a melanoma in an intact male and one in a spayed female.
In the groups treated four or five times with the carcinogen these epidermal tumours occured late, i.e. 574 to 657 days after the first painting. In the 3 rats given 10 doses the carcinomas were manifest clinically after 150, 248 and 325 days.
Breast tumour8developed only in the groups given 4 to 10 weekly applications of DMBA to the dorsal skin in which the majority of animals survived for long periods (Tables I and II) . While none occurred in the castrate females, two intact males had breast tumours, one an adenocarcinoma and the other a fibroma and they were found in rats aged 679 and 688 days. In two groups of intact females the incidence of these neoplasms is similar to that in the controls while in a third group it is much higher (38%). In other dose-response experiments for the induction of cervico-vaginal tumours and carried out at about the same time as the present series, the incidence of breast tumours in intacts given 5, 10 or 20 doses of DMBA was 40%, 33% and 19% respectively with corresponding median survival times of 561, 645 and 393 days. The lower incidence of these neoplasms with the highest dose may be accounted for by the shorter survival time of these animals.
Leukaemia.-The type and incidence of the disease is the same in controls and experimental animals and varies from 0% to 36% (Table II) with an age range of 210-626 days. In addition to the animals listed in the table, one intact female painted 20 times had leukaemia. There is no obvious influence of sex, castration and treatment with carcinogens on leukaemogenesis.
RESULTS

Definition of malignancy
For over 50 years the invasion or penetration of the panniculus camosus has been and still is accepted as the main criterion of malignancy for epithelial skin tumours in rodents (Roe, Peto, Kearns and Bishop, 1970) . It is assumed that normal epidermal structures and benign tumours are not found at this depth and that only few tumours with definite cvtolovical and histological signs of malignancy are seen above the dermal muscle (Roe et al., 1970) . Neither of these assumptions is entirely correct.
In anagen hair follicles penetrate the panniculus carnosus (Fig. 1) (Fig. 2 and 3) . Invasion of the perineural lymphatics by carcinomas still confined to the dermis is a more frequent occurrence and also evidence of malignancy (Fig. 4, 5 (a, in Fig. 4) Fig. 4 (Fig. 9 ) or intact females (Fig. 10) Fig. 8-10 , where the spread for the appearance of the first tumours in rats painted ten or more times is much smaller than that for the last tumours to appear, i.e. in the least sensitive individuals. With five paintings only the most sensitive rats develop tumours and these appear muoh later than with the greater number of DMBA administrations in all four groups of animals. The differences in the incidence of squamous celled tumours between males and females and intacts and castrates are probably due to the chance distribution in the groups of particularly sensitive rats (Fig. 7) . 
Ba8al celled tumoum
The majority of papilloma arise in isolated and usually not adjacent hair follicles and grow within their base'ment membrane and adjacent connective tissue sheath. Individual foci are separated by the relatively large interfollicular areas of skin and because of their separation and manner of expansion have less tendency to become confluent than squamous celled papillomas or foci. Nevertheless multiple, but widely spaced basal celled papillomas are found in most rats. Though they could be enumerated, we have adhered to the evaluation of number of rats with tumours as for squamous neoplasms rather than to give an estimate of number of basal ceRed tumours per rat. Relatively few of the neoplasms become malignant (Fig. I 1) when they burst through their basement membranes and connective tissue sheath and tend to become confluent.
The total incidence of tumours increases with number of paintings up to and including the x 20 level and subsequently drops significantly by 20% ± 9-3 in males and 16% + 7-9 in females. Malignant conversion is low with five doses but rises to about the same level with more numerous applications of DMBA. The rate of tumour development accelerates with increasing number of doses up to 20, but slows dow-n with 40 paintings (Fig. 12) (Fig. II) . A similar optimal dose of 20 paintings for total incidence and rate of induction of basal celled tumours has been found in the vulva ofrats (Glucksmann and Cherry, 1970b) (Glucksmann and Cherry, 1970a) or the salivary glands (Glucksmann and Cherry, 1971) 133 with sarcomas (40%) and there is also one case of haemangioma. Many sarcomas arise in the stroma of squamous celled neoplasms, but others originate independently of epitheliomas in the dermis. The precursor lesions in the form of cellularity of the tumour stroma are fairly rare, presumably because unlike the epithelial tumours the connective tissue neoplasms progress rapidly to the malignant state. Because of the s'carcity of fibromas and precursor lesions they have been omitted from the quantitative evaluation.
The incidence of sarcomas increases up to 20 weekly doses of DMBA and then faRs significantly in the case of intact males and less so in intact females (Fig. 15) . The increase from 5 to 10 and 20 applications is significant if all rats thus treated are considered (Table III) . While sex differences are not significant at 5, 10 and 40 paintings, at 20 doses significantly more males than females have sarcomas and the castrate rats have fewer than their respective intact sex (Fig. 15) . The rate of tumour formation is optimal at x 20 DMBA and, as with the epithelial neoplasms, that at 40 doses is about the same as for ten (Fig. 16) (Fig. 17 and 18 ). The cumulative percentage shows this difference only at 20 weekly doses of DMBA (Fig. 16) , and the same is true for the dose-response curve (Fig. 19) (Fig. 16-19 ) and this sex difference parallels that in man (Haenszel, 1963; Miyaji, 1963; Rook and Champion, 1963) and mice (Bates, 1968; Shubik et al., 1959; Zackheim, 1970; Leiter and Shear, 1943; Homburger et al., 1963; Bischoff, 1957) . As expected from the absence of a dimorphism in the hair coat of rats, no sex difference in the induction of epithelial tumours comparable to that in man is seen at least in the dorsal region and Nvith the dose regime employed. In the vulval skin of rats castration enhances the progression to malignancy of squamous celled tumours elicited by five and ten weekly paintings with DMBA (Glucksmann and Cherry, 1970a) (Jonkhoff, 1928; Glucksmann, 1945; Wolbach, 1951; Borum, 1965 (Lennox, 1955; Bielschowsky, 1946) and in our series amount to merely 4 %; in rats they arise. in hair follicles (Howell, 1962; Dobson, 1963) (Fig. 15-18 , Table III ). The progression to malignancy is just short of maximal for squamous celled carcinomas (Fig. 7) and about maximal for basal celled tumours (Fig. 11) . The induction period for the first tumour of any type is considerably shortened and equals that in rats treated 20 or 40 times (Fig. 8, 12 and 16 ).
For the less sensitive animals the incidence of sarcomas and the proportion of squamous celled,lcarcinomas is maximal at 20 doses and so is the speed of formation of all three tyJ*s of tumours, but is slowed down with increasing the number of weekly painting to 40 (Fig. 8, 12 and 16 ). The different sensitivity of individual members of the various treatment groups is shown clearly by.-the almost identical duration of the induction period for the first and the spread in time for the last tumours to appear at the three higher dose levels ( Fig. 8-10 (Fig. 15 and 19 ). The rate of induction of cervicovaginal sarcomas in castrate rats is enhanced and speeded up by the administration Of L-thyroxine, methylthiouracil, insulin, alloxan-induced diabetes, pelvic or whole body X-irradiation (Cherry and Glucksmann, 1960 Glucksmann, , 1970 . Cortisone applied with a carcinogen during the growth phase of the hair cycle increases the incidence of epitheliomas of the dorsal skin in mice and so doeS L-triiodothyronine irrespective of the hair cycle (Sherwin-Weidenreich et al., 1959; WeidenreichSherwin and Herrmann, 1964) . Thus the sensitivity to carcinogenic stimulation can be increased by systemic factors and also reduced as for instance the incidence of basal celled tumours of the vulva in castrate rats by methylthiouracil (Glucksmann and Cherry, 1970b) or that of cervico-vaginal sarcomas in intact and castrate rats by large doses of oestrogens (Glucksmann and Cherry, 1968 (Glucksmann and Cherry, 1970a and b), in radiation carcinogenesis of ovarian and thyroid tumours and of lymphomas (Upton, 1961) and specifically for skin tumours (Henshaw et al., 1949; Hulse, 1967 (Glucksmann, 1967) 
